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© A sputter coating target which alleviates the 
need for anode reconditioning due to a buildup of a 
nonconductive coating comprises a coating compo- 
nent which itself or its reactive product is substan- 
tially electrically nonconductive and a dopant com- 
ponent which itself or its reactive product is substan- 
tially electrically conductive. 
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FIELD OF THE INVENTION 

This invention relates to targets for sputter 
coating a material onto a substrate and to a meth- 
od of using the target. More particularly, this inven- 5 
tion relates to targets containing special dopant 
materials and to methods of using such targets for 
reducing process downtime required for anode re- 
conditioning. 

70 

BACKGROUND OF THE INVENTION 

As is well known in the fields of automotive and 
architectural glass, multi-layered coating systems 
play a vital role in providing desirable characteris- 75 
tics such as transmittance, emissivity, reflectivity, 
durability, color, and chemical resistance. Such 
coating systems may be conventionally created by 
the well known commercial process known as sput- 
ter coating whereby a variety of different materials 20 
including metals and non-metals in pure, oxide or 
nitride form are applied to a glass substrate. An 
example of one such layer used in coating systems 
is silicon nitride (StaN*). Silicon nitride is desirable 
as a coating for glass because it is durable and 25 
forms a transparent protective layer. The layer or 
layers of silicon nitride may be applied by sputter 
coating silicon from a silicon cathode target in the 
presence of nitrogen gas. 

Sputter coating is an electric discharge pro- 30 
cess, conducted in a vacuum chamber and in the 
presence of one or more gases. The equipment 
employed normally includes a vacuum chamber, a 
power source, an anode, and one or more specially 
prepared cathode targets covered with the material 35 
used to create a layer in the coating system. This 
equipment is expensive, and techniques for pro- 
ducing sputter coated articles are complex, time 
consuming and must be carried out with great 
precision. Consequently, like many other industrial 40 
processes, once the process is started, it is desir- 
able to allow the process to continue for as long a 
period of time as possible and to produce as much 
end product as possible. 

When an electric potential is applied to the 45 
cathode target, the background gas forms a plasma 
that bombards the target causing particles of the 
coating material to be liberated. The liberated coat- 
ing material then adheres to the substrate and 
other exposed surfaces within the vacuum cham- so 
ber, such as the chamber walls and the anode. 
When conducted in the presence of a reactive gas, 
a reactive product of the coating material is depos- 
ited on the substrate, i.e. the coating layer is the 
product of the coating material and the reactive 55 
gas. 

In commercial sputter-coating systems such as 
those produced by Airco Corporation, a cathode 



target typically has sufficient coating material on it 
to coat glass substrates uninterruptedly for up to 
seven to fourteen days. Depending on process 
parameters, some systems are designed to con- 
tinue for up to as much as seventy days. Unfortu- 
nately, while a single cathode target may be de- 
signed with sufficient coating material so as to be 
capable of coating thousands of linear feet of glass, 
present sputter coating systems rarely continue 
uninterrupted for even three days. The reason for 
this is as follows: 

When producing a coating which is conductive, 
such as a metal or certain reactive products of that 
metal, the sputter coating process can generally 
continue until the cathode target is exhausted. 
However, when, as often occurs, the coating ma- 
terial or its reactive product which must be used is 
an insulator, a semiconductor, or is otherwise a 
substantially electrically nonconductive material, a 
build-up of the nonconducting material on the an- 
ode causes a progressive slow-down and eventual 
stoppage of the coating process. In short, such a 
coating on the anode inhibits and eventually pre- 
vents charge carriers from flowing from the anode 
to the cathode, thus at first reducing and eventually 
virtually stopping the sputtering process. Exem- 
plary of such nonconducting materials are the often 
highly desirable coating components of silicon (Si) 
and aluminum (Al) including their nitrides. In this 
respect silicon targets are often doped with about 
5% aluminum, but as such merely manifest the 
same problem as targets made up only of one or 
the other of these two desirable materials. 

In addition to process downtime, the build-up 
of substantially electrically nonconductive coatings 
on the anode of a sputter coating device may have 
several other adverse affects on the coating pro- 
cess and on the coating formed on the substrate. 
Nonuniformities may occur in the coating due to 
changes in the size of the conductive area of the 
anode. Furthermore, large pieces of coating ma- 
terial may drop off the cathode target and onto the 
substrate because of arcing at the cathode target, 
and flakes of material may fall off the anode be- 
cause of the poor adhesion of the coating to the 
anode. Poor adhesion is characteristic of a thick 
build-up of a substantially electrically nonconduc- 
tive coating. 

When the anode becomes coated with an in- 
sulative material blocking the flow of charge car- 
riers or creating coating nonuniformities, the coat- 
ing process must be halted in order to clean or 
change the anode. This reconditioning includes 
venting the chamber, careful cleaning and 
reevacuating the chamber. In typical commercial 
sputter-coating techniques, such as for producing 
layer systems which include one or more layers of 
nonconductive silicon nitride, the process may of- 
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ten have to be stopped for reconditioning the an- 
ode after as little as two days of continuous use. 
Such reconditioning then often requires about 24 
hours to complete. Thus, downtime may represent 
up to a third of the total available time for produc- 
tion, a very large and undesirable proportion of the 
available production time. 

U.S. Patent No. 4,478,700 to Criss proposes a 
solution to this problem by using multiple cathodes 
with each anode. While monitoring the bias voltage 
on the anode, a desired coating is sputtered onto 
the substrate and the anode until the bias voltage 
reaches a level at which coating efficiencies be- 
come unacceptable. At that time, a new cathode is 
introduced which sputters a different, but now con- 
ductive coating onto the anode and the substrate 
as well. This conductive coating is designed so as 
to serve no other useful purpose in the layering 
system. The conductive layer formed on the anode 
thereby serves to lower the bias voltage of the 
anode, increasing process efficiency without com- 
pletely halting the sputtering process. In such a 
process, however, there is required a plurality of 
cathodes and a mechanism, such as a rotating 
table system, to present the various cathodes to 
the coating process. Furthermore, Criss produces 
alternating layers of the desired coating and of the 
conductive material on the substrate. This has the 
potential of eventually building up to unacceptable 
thicknesses. 

Other solutions which have been proposed to 
solve the problem of non-conductive coatings on 
the anode include rotary anodes, anodes with very 
large surface areas, and finned anode configura- 
tions. In another system, two cathode targets are 
employed, each of which is capable of acting as 
both a cathode and an anode. The system is 
periodically reversed so that a coating built-up on 
the anode is sputtered off when operated as a 
cathode, in a hybrid of this latter system, two 
cathode targets are used and the sputter magnets 
are alternated between them so as to alternatively 
apply a nonconductive and a conductive layer on 
the anode. 

The above known attempts to solve this anode 
coating problem present their own drawbacks in 
terms of expense, complexity and, in some in- 
stances, even commercial feasibility. Delicately 
dimensioned fin geometry, for example, is required 
in one of the above solutions, complex alternating 
electrical controls in another, and excessively large 
anodes in another. 

In view of the above, it is apparent that there 
exists a need in the art for an improved sputter- 
coating target and method of using such target 
which overcomes the above-described problems as 
well as other problems which will become more 
apparent to the skilled artisan once given the fol- 



lowing disclosure. 

SUMMARY OF THE INVENTION 

5 Generally speaking, this invention fulfills the 

above-described needs in the art by providing a 
cathode target for producing a coating having 
preselected characteristics on a substrate by the 
sputter-coating process in a vacuum chamber 

io which also has an anode therein to which the 
coating is also applied during the sputter-coating 
process, the cathode target comprising a coating 
component which by itself or its reactive product is 
substantially electrically nonconductive and a dop- 

75 ant component which by itself or its reactive prod- 
uct is substantially electrically conductive, the dop- 
ant component being present in an amount such 
that any layer of said coating formed on the anode 
will include said coating component and a sufficient 

20 amount of said dopant component to render said 
coating substantially electrically conductive; said 
coating so formed on said substrate having its 
preselected characteristics. 

The cathode targets of this invention preferably 

25 include minor amounts by weight of the dopant 
component (e.g. less than about 50% by weight of 
the dopant component). Preferably the target in- 
cludes from about 0.1% by weight to about 20% 
by weight of this dopant element. 

30 While this invention contemplates within its 

scope a wide number of coating components which 
by themselves or their reaction products are non- 
conductive, in particularly preferred embodiments, 
the coating component is silicon. Likewise, a wide 

35 number of dopants are contemplated so long as 
they or their reaction products are conductive and 
may be assimilated into the layer being formed 
without undue adverse effects. Preferably, the dop- 
ant component is chromium, hafnium, titanium, zir- 

40 conium or mixtures or alloys thereof. 

This invention further fulfills the above-de- 
scribed needs in the art by providing a method for 
producing a coating having preselected character- 
istics on a substrate by the sputter-coating process 

45 in a vacuum chamber which includes at least one 
cathode target and an anode which is coated dur- 
ing said process, the steps comprising: providing a 
cathode target which includes a coating component 
which itself or its reactive product is substantially 

50 electrically nonconductive and a dopant component 
which itself or its reactive product is substantially 
electrically conductive and wherein the dopant 
component is in an amount such that any coating 
formed on the anode will include a sufficient 

55 amount of said dopant component to render said 
coating substantially electrically conductive, apply- 
ing an electric potential to the cathode target there- 
by causing molecules of the coating and dopant 
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components to be dislodged from the cathode tar- 
get and deposited on said substrate and said an- 
ode as a single layer, whereby said anode remains 
conductive for a substantial length of time and said 
coating on said substrate has its preselected char- 
acteristics. 

This invention will now be described with refer- 
ence to certain specific embodiments thereof as 
illustrated in the accompanying drawings wherein: 

IN THE DRAWINGS 

Figure 1 is a schematic illustration of a typical 
vacuum sputter coating device. 

Figure 2 is a fragmentary cross-sectional side 
elevational view of a typical vacuum sputter-coating 
apparatus utilizing one type of a cathode target as 
contemplated by the present invention. 

Figure 3 is a fragmentary cross-sectional end 
elevational view of the vacuum sputter coating ap- 
paratus of Figure 2 taken along the line 3-3. 

Figures 4a and 4b are a plan view and end 
view respectively of a planar type cathode target as 
contemplated by the present invention. 

Figure 4c is a plan view of another type of 
cathode target as contemplated by the present 
invention. 

Figure 5 is a fragmentary cross-sectional side 
elevational view of another typical vacuum sputter 
coating device. 

Figure 6 is a fragmentary cross-sectional end 
elevational view of the vacuum sputter coating de- 
vice illustrated in Figure 5. 

Figure 7 is a cross-sectional view of a rotary 
type of cathode target as contemplated by the 
present invention and as used in the device of 
Figures 5-6. 

DESCRIPTION OF CERTAIN EMBODIMENTS 

It is to be understood that this invention is 
applicable to sputter-coating processes generally 
wherein there is employed an anode and cathode 
arrangement in which the anode becomes coated 
during sputter coating with what, but for this inven- 
tion, would otherwise be an adverse nonconductive 
coating. The following examples are presented as 
illustrative of the generic nature of this invention 
rather than as a limitation upon it. 

With reference now to Figure 1, there is illus- 
trated in generic schematic form a typical sputter 
coating apparatus 12 utilized to produce coatings 
on, for example, electrical devices such as thin film 
resistors and transistors, electrical circuits such as 
integrated circuits and matrix arrays for systems 
such as liquid crystal display devices, or solar 
management coatings on architectural and auto- 
motive glass substrates. Sputter coating apparatus 



12 for applying coating 13 to substrate 14 typically 
includes vacuum chamber 16, one or more cath- 
odes or targets 18 including a material 20 to form 
coating 13, one or more anodes 22, control elec- 

5 tronics 24, a source of background gas 26, a 
source of reactive gas 28, and a vacuum pump 30. 
Substrate 14 is supported within chamber 16 by 
support 32 which may be either a stationary sup- 
port or a transport mechanism (e.g. conveyor) for 

70 moving substrate 14 through chamber 16. 

Many commercial products, including architec- 
tural and automotive glass require a layer system 
including multiple layers of sputtered coatings 
comprised of one or more elements or reactive 

75 products of those elements. Therefore, it is some- 
times necessary, after applying a first coating layer 
of the layer system, to introduce a new cathode 
target into chamber 16 or to pass substrate 20 
through a series of sputter coating chambers which 

20 may or may not be interconnected/ In sputter- 
coaters such as those sold by Airco Corp., a plural- 
ity of sequential chambers (or zones) are each 
provided with one or more targets and the ability to 
separately control the gas environment and param- 

25 eters therein, thereby to sequentially lay down 
upon a substrate the desired layer system by pro- 
gressing the substrate through the sequential 
chambers at a given speed. 

In general, the operation of a typical sputter 

30 coating apparatus 12 to produce a coating on sub- 
strate 14 is as follows. Each chamber in the se- 
quence, such as chamber 16 is evacuated to a 
desired vacuum pressure to remove undesirable 
impurities such as water vapor and atmospheric air. 

35 A desired flow of the selected background gas 26 
and/or reactive gas 28 (e.g. N 2 , Ar, O2. etc.) is 
introduced into chamber 16. A high negative elec- 
trical potential is applied to cathode target 18 
thereby ionizing the gas(es) and forming plasma 

40 34. A relatively small negative potential is applied 
to anode 22. Chamber walls 36 are maintained at 
ground. Plasma 34 bombards cathode target 18 
thereby causing particles of coating material 20 to 
be liberated or sputtered and subsequently to coat 

45 exposed surface(s) 38 of substrate 14. In addition, 
the liberated particles of material 20 will coat 
chamber walls 36 and anode 22. Magnets, not 
shown for convenience, are included within many 
typical cathode targets 18 to confine plasma 34 to 

so a small area near the surface of cathode target 18 
commonly known as a "racetrack". 

Anode 22 is, typically, a bar, rod or plate of a 
conductive material such as stainless steel extend- 
ing parallel to cathode target 18 and preferably 

55 extending at least the length of cathode target 18. 
Anode 22 is the positive terminal of an electric 
circuit and is operatively connected to controls 24 
and cathode target 18. Anode 22 is supported 
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within chamber 16 by electrically insulative support 
members 40. Support members 40 ensure that 
anode 22 and chamber walls 36 are maintained at 
different electrical potentials. Typically, one anode 
22 is present for every cathode 1 8. 

Cathode target 18 includes material 20 which is 
adhered to a conductive backing member 42 and is 
the negative terminal of the electrical circuit of 
which anode 22 is a part. Cathode target 18 may 
be planar, square, round, or cylindrical and may, in 
certain embodiments, rotate. Cathode target IS is 
supported within chamber 16 by support member 
44 and is operatively connected to control electron- 
ics 24 through chamber wall 36. Backing member 
42 is typically made of stainless steel. 

Generally, cathode targets are produced by 
several well known methods including extruding, 
casting, liquid metal spraying, hot isostatic spray- 
ing, electroplating or plasma spraying. The method 
of producing a cathode target chosen is dependent 
upon several factors including the configuration and 
characteristics desired of a particular cathode tar- 
get, the type and characteristics of the material(s) 
making up the cathode target and, of course, cost. 
Of the techniques listed, plasma spraying is an 
established technique which produces a substan- 
tially uniform coating material composition at a 
modest cost. In one plasma spray method, powder 
is fed into a spray gun, where it is melted into 
droplets and imparts a high velocity in a region of 
ionized gas. The droplets impact on the cathode 
target backing member, solidify, and build up a 
coating. Plasma spraying produces a covering of 
coating material 20 which is a substantially homo- 
geneous mixture of known materials. 

Cathode target 18 of the present invention in- 
cludes a layer of material 20 comprised of at least 
two components; a coating component and a dop- 
ant comDonent as hereinbefore described and as 
furtner described beiow. Material 20 may De a 
substantially uniform or homogeneous mixture of 
the two components in order to carry out the objec- 
tives of the present invention or, as later described 
may simply be made up of the two components in 
unmixed but adjacently located form. The precise 
make-up of material 20 and choice of the two 
components will be determined by the desired 
characteristics of layer 13 coupled with the need to 
create the desired amount of conductivity in the 
coating formed on the anode to increase productiv- 
ity. 

With these objectives in mind, the coating 
component of material 20 is a material which by 
itself or its reactive product produces alone or as 
part of a multi-layer system result in certain desir- 
able preselected characteristics being accorded the 
final, coated glass article such as solar manage- 
ment properties, chemical resistance and durability. 



In addition, this coating component is a material 
which itself or its reactive product is substantially 
electrically nonconductive, such that if deposited 
on the anode by itself, without the dopant compo- 
5 nent or its reaction product also being deposited on 
the anode, would give rise to the above-described 
anode coating problem known in the art. As afore- 
said, such coating components are well known, 
examples of which include Si, aluminum, their al- 
io loys, and mixtures thereof. Other nonconductive 
coating components include, for example, the 
nitrides or oxides of: aluminum, bismuth, chromi- 
um, boron, germanium, tin, titanium, tungsten, va- 
nadium, zinc, zirconium, and certain combinations 
75 or alloys thereof. 

In certain preferred embodiments of the 
present invention, the coating component in the 
cathode target is silicon and the sputter-coating 
process is conducted in an N 2 containing gas to 
20 produce at least one layer of ShNi or in an O2 
containing gas to produce at least one layer of 
Si02. Silicon is itself a substantially electrically 
nonconductive element. Both silicon oxide (Si0 2 ) 
and silicon nitride (Si 3 N4> are also substantially 
25 electrically nonconductive. Silicon nitride layers 
have been found to be highly desirable for ar- 
chitectural and automotive glass purposes because 
they form durable, protective, and transparent lay- 
ers. 

30 The dopant component used to overcome the 

aforesaid problem is a material which by itself or 
its reactive product forms a substantially electri- 
cally conductive layer. It is homogeneously mixed 
or otherwise provided along with the coating com- 

35 ponent to form material 20, in an amount sufficient 
to render the ultimate coating formed on the anode 
substantially conductive, thus prolonging produc- 
tion time and minimizing the shutdown time due to 
the need for anode reconditioning. 

40 in addition, since the dopant component, or its 

reactive product, will form a portion of layer 13 
(along with the coating component or its reactive 
product) the dopant component or its reactive 
product in the amount employed, must be of such 

45 a nature so as not to substantially interfere with the 
desired, preselected characteristics of the layer 
system created on the substrate. 

Materials satisfying the above requirements for 
the dopant component as contemplated by this 

50 invention include the noble metals, highly oxidation 
resistant metals, and elements which form conduc- 
tive oxides and conductive nitrides. Metals such as 
silver, gold and platinum are highly unreactive. i.e. 
will not, typically, form reaction products, but are 

55 themselves substantially electrically conductive. 
Metals such as nickel and palladium are also sub- 
stantially electrically conductive by themselves but 
are highly oxidation resistant. Indium and tin may 
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also be employed as the dopant component of the 
cathode target of this invention as the oxides of 
these elements, including indium tin oxide (ITO) 
and indium oxide (ln 2 03), are substantially elec- 
trically conductive. AH of these materials have at 
times, as well, been known to be useful in sputter- 
coating systems, and thus do not, when properly 
chosen for a particular system, adversely affect the 
overall desired characteristics of the layer system 
as a whole which is to be formed. Indeed, in some 
instances, such a dopant may actually enhance the 
characteristics achieved the layer, as well as in the 
overall coating if properly chosen. 

When silicon nitride is the coating component, 
and the coated glass article is to be used for 
architectural and automotive glass purposes, the 
dopant element employed in particularly preferred 
embodiments of this invention includes titanium, 
zirconium, chromium, hafnium and mixtures or al- 
loys thereof. One reason these elements are pre- 
ferred is because their nitrides are substantially 
electrically conductive. In addition, the durability, 
transparency and other solar management char- 
acteristics sought from silicon nitride layers in 
many layer systems are not adversely affected or 
interfered with when the appropriate amount of 
these dopant components are admixed with the 
silicon to form the target material. 

When preparing cathode targets as contem- 
plated by this invention, the required relative pro- 
portions of the coating and dopant components are 
dependent upon two primary factors. First, the 
amount of the dopant present in or on the cathode 
target must be sufficient such that the coating 
formed on the anode including the coating compo- 
nent is substantially electrically conductive. Sec- 
ond, the amount of the dopant present in or on the 
cathode must be such that the characteristics de- 
sired in the layer being formed as well as the 
overall layer system created on the substrate are 
not substantially adversely affected or interfered 
with by the presence of the dopant component or 
its reactive product in the coating layer. In this 
regard, it is known that a coating having a resistiv- 
ity of at least about 1 megohm per square (when 
measured as a thin film on the anode) is ade- 
quately electrically conductive to prevent the non- 
uniformities and instabilities referred to above 
which otherwise would require anode recondition- 
ing. Of course, those skilled in the art will recog- 
nize that lower resistivities of, for example, 1000 
ohms per square or even 100 ohms per square, 
provide better electrical conductivity. However, it 
must be remembered that as the resistivity and 
therefore the electrical conductivity are improved, 
due to an increase in the relative proportion of the 
dopant component, the desired characteristics of 
the coating may be adversely affected or interfered 



with. Therefore, it is usually desired that a cathode 
target of the present invention include, as a per- 
centage of the total target weight, only minor 
amounts, i.e. less than about 50% by weight, but at 
5 least about 0.1% by weight of the dopant compo- 
nent. In preferred embodiments, a cathode target 
according to the present invention includes be- 
tween about 0.1% by weight to about 20% by 
weight of the dopant. The balance of the cathode 

70 target composition, by weight, is the coating com- 
ponent alone or with small amounts of other known 
constituents in unusual situations. 

While the purpose and scope of this invention 
may be carried out in and with a variety of sputter- 

75 coating devices, two representative devices are il- 
lustrated in the accompanying drawings. For exam- 
ple, in Figures 2-4 anode 80 of a first sputter- 
coating apparatus is associated with a cathode 
target 82 of the present invention to coat a sub- 

20 strate 84. It is to be remembered, of course, that a 
sputter coating apparatus must also include an 
appropriate vacuum chamber, control electronics, 
vacuum pump, gas sources, and substrate support. 
These elements, however, have not been shown in 

25 Figures 2 and 3 for convenience. 

Cathode target 82, as further illustrated in Fig- 
ures 4a and 4b, includes two distinct but adjacently 
located portions, one of coating material 86 and the 
other of dopant 88. Dopant 88 is physically smaller 

30 than coating material 86, particularly in the trans- 
verse direction. Dopant 88 is preferably positioned 
centrally with respect to coating material 86. While 
dopant 88 is shown in Figures 4a and 4b as being 
secured to the surface of a substantially planar 

35 block of coating material 86, coating material 86 
could also include a recessed area or a hole de- 
signed to accept dopant 88. Alternatively, cathode 
target 82 may be as depicted in Figure 4c wherein 
dopant 87 is in the form of discs or wafers located 

40 on or in a planar block of coating material 86. 

As best shown in Figures 2 and 3, cathode 
target 82 is positioned so that surface 89 to which 
dopant 88 is secured faces anode 80 and substrate 
84. The relative proportions of the exposed sur- 

45 faces of coating material 86 and dopant 88 repre- 
sent the desired proportions of those materials 
required to carry out the purposes of this invention; 
namely, to produce a substantially conductive coat- 
ing on anode 80 while producing coating 90 having 

so desired characteristics on substrate 84. 

In the apparatus depicted in Figures 2 and 3, a 
specially constructed anode 80 is utilized. Anode 
80 blocks the line-of-sight path between dopant 88 
and substrate 84. As best illustrated in Figures 2 

55 and 3, anode 80 is V-shaped with side members 
92 and 94, and end members 96 and 98. Anode 80 
is positioned with opening 102 facing cathode tar- 
get 82. In this manner, after evacuating the cham- 
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ber and introducing the required amounts of reac- 
tive and background gases and applying appro- 
priate potentials to the anode and cathode to pro- 
duce plasma 104, substantially all liberated par- 
ticles of dopant 88 are captured within anode 80 
and do not impinge on substrate 84. Any adverse 
effects from dopant 88 are thus minimized. Inner 
surface 106 of anode 80, on the other hand, is 
coated with a substantially electrically conductive 
coating 108 consisting primarily of dopant 88 or a 
substantially electrically conductive coating 108 
consisting of a reactive product of dopant 88 and 
only a minor amount, if any, of nonconductive 
coating material 86 or its nonconductive reactive 
product. Conductive coating 108 reduces or elimi- 
nates the need for halting the coating process to 
recondition anode 80. Furthermore, the coating ap- 
plied to substrate 84 is a uniform coating com- 
prised primarily of coating material 86 or its reac- 
tive product with only a minimal amount, if any, of 
dopant or its reactive product, extant 

While anode 80 could be U-shaped or box- 
shaped, the V-shape is advantageous over these 
other shapes. The V-shape is essentially invisible 
because it allows liberated particles of coating ma- 
terial 86 to flow past exterior surfaces 110. This 
substantially reduces the build-up of nonconductive 
material 112 on exterior surfaces 110, when com- 
pared to a U-shape or box-like anode, thereby 
reducing the possibility of flakes of nonconductive 
material 112 falling onto substrate 84. 

A preferred sputter coating apparatus for pur- 
poses of this invention is a C-MAG™ Rotatable 
Magnetron G-49 machine available from Airco 
Coating Technology. The G-49 machine is particu- 
larly preferred for coating large sheets of glass for 
architectural and automotive uses. The G-49 ma- 
chine is a multi-zone sputter coating apparatus and 
includes a series of interconnected vacuum cham- 
bers. Within each of the chambers, a different layer 
of a multilayered coating system is applied to 
sheets of glass as they are continuously conveyed 
through the chambers. A single bay of the G-49 
machine is illustrated in Figures 5 and 6 and in- 
cludes, mounted in a' vacuum chamber 120, a 
plurality of C-MAG ™ cylindrical rotatable DC mag- 
netron cathode targets 122a and 122b, and an 
equal number of anodes 124a and 124b. Cathode 
targets 122a and 122b and anodes 124a and 124b 
are aligned in a plane parallel to the direction of 
movement of substrate 126 and extend transverse 
to the direction of movement of substrate 126, as 
best shown in Figure 6. Substrate 126, such as a 
sheet of conventional float glass, is passed continu- 
ously through chamber 120 on conveyor 128. 

As shown best in Figure 7, each C-MAG™ 
magnetron cathode target 122 is a hollow cylin- 
drical tube which rotates, as indicated by the arrow 



B, through a stationary plasma 130 created by 
ionization of the inert background gas when a po- 
tential is applied to cathode target 122. The cylin- 
drical geometry of cathode target 122 promotes 
5 substantially uniform erosion of the surface of cath- 
ode target 122. Cathode targets 122 of the G-49 
machine are approximately 114 inches long there- 
by providing full coverage over a substrate 126, 
such as a 100 inch wide sheet of a glass. 
to Cathode targets 122 includes coating material 

132 secured to backing tube 134. Cathode targets 
122, preferably produced by plasma spraying, typi- 
cally include enough material 132 to continuously 
coat sheets of glass for up to seven to fourteen 
is days. Under certain process conditions, enough 
coating material 132 may be present for coating to 
continue for up to sixty days. 

Suspended within cathode targets 122 is an 
array of magnets 136 for substantially confining 
20 plasma 130 to an area 138 proximate the surface 
of cathode targets 122. Area 138 is commonly 
referred to as a "racetrack". Cooling water cir- 
culates through tube 152 and annular space 154 for 
cooling magnets 136 and cathode targets 122. 
25 Cathode targets 122 and magnet array 136 are 
supported on two ends by aluminum support struc- 
tures 140. Support structures 140 include bearings 
and vacuum seals, not shown, allowing cathode 
targets 122 to rotate. Support structures 140 are 
30 mounted on a structural steel plate 142 which 
mounts to vacuum chamber wall 144. Cathode tar- 
gets 122 and support structures 140 protrude into 
vacuum chamber 120 while control electronics 
146a, b remain outside chamber 120. Control elec- 
35 tronics 146a, b includes a power source and target 
rotation motor. 

Two cathode targets 122a and 122b are em- 
ployed in chamber 120 for the increased sputtering 
rate attainable therewith. Each cathode target 122a 
40 and 122b is associated with corresponding anode 
124a and 124b and a separate set of control elec- 
tronics 146a and 146b. Each cathode target 122 is 
typically operated at the same power so that the 
same amount of coating is applied from each cath- 
45 ode target. This helps ensure that known thicknes- 
ses of coating are built-up and that cathode target 
consumption occurs at the same or similar rate. 

In accordance with the practice of this inven- 
tion, then, cathode targets 122 a, b are provided 
so with a homogeneous admixture of a coating ma- 
terial and dopant, in the requisite proportion, there- 
by to make up material 132. In this respect material 
132 could also be made up of alternating strips or 
other shaped areas of coating material and dopant 
55 respectively, rather than using a homogeneous ad- 
mixture thereof. 

Anodes 124a and 124b are T-shaped bars of 
stainless steel. Anodes 124a and 124b are sup- 
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ported by electrically insulative support members 
156 in an inverted position. Each anode 124a and 
124b is operatively associated with the correspond- 
ing cathode target 122a and 122b and control 
electronics 146a and 146b. 

In addition to significantly reducing or eliminat- 
ing the problem of instabilities due to a nonconduc- 
tive coating covering the anode, a cathode target 
comprising a second element in admixture with an 
element such as silicon is itself more stable. The 
addition of another element such as, for example, 
chromium, hafnium, titanium or zirconium or any of 
the other elements previously described for the 
dopant, to a cathode target comprising a large 
proportion of silicon (or other brittle material) 
makes the silicon more ductile and therefore less 
susceptible to cracking and flaking due to expan- 
sion under heating which occurs during sputter 
coating. This is yet another advantage of the sub- 
ject invention. 

Example 

A coating of silicon nitride is applied as part of 
a layer system for architectural or automotive glass 
use. Typically, two or more layers of Si 3 N 4 of 
between about 100A to 500A may be interposed 
with other desirable coatings within the coating 
system. Such a coating system is applied in a G- 
49 Airco machine as the glass substrates are se- 
quentially passed through a series of chambers in 
the machine. This example describes the formation 
of one such silicon nitride layer. 

With reference to Figures 5, 6 and 7, a pre- 
ferred cathode target 122 is a cylindrical type simi- 
lar to the C-MAG™ and suitable for use in the 
Airco G-49 machine. Cathode target 122 comprises 
coating material 132 adhered to backing tube 134. 
Backing tube 134, typically made of stainless steel, 
proviaes support for material 132. 

Material 132 comprises a homogeneous mix- 
ture of silicon as the coating component and 
titanium as the dopant component. In particular, 
material 132 includes about 5% by weight of 
titanium as dopant with the balance being substan- 
tially all silicon. 

For purposes of this invention, the cylindrical 
rotatable DC magnetron cathode targets 122 are 
preferably produced by plasma spray techniques 
and are available from the Vanderstraeten Corp. of 
Belgium. While cathode target 122 may be pro- 
duced by other well known methods such as ex- 
truding, casting, liquid metal spraying, hot isostatic 
pressing or electroplating, plasma SDraying is pre- 
ferred because targets of substantially uniform 
composition are produced at modest cost. 

The vacuum chamber bay or zone of the G-49 
machine in which the silicon nitride/titanium nitride 



layer is applied by sputter coating is evacuated 
initially to the range of about 10 -6 or 10~ 7 Torr. 
With the vacuum pumps running continuously 
throughout the coating process, a continuous flow 
5 of inert background gas and reactive gas is intro- 
duced into the chamber. A vacuum pressure of 
about 2 x 10~ 3 Torr is maintained with a total gas 
flow of about 2500 seem comprising about 20% 
argon and about 80% nitrogen. The purity of the 

70 argon and nitrogen gases is about 99.99%. 

Prior to the first piece of float glass entering 
the vacuum chamber, sputter coating is started 
with the cathode target at about -425 volts and 95 
amps. The anode is maintained at about -50 volts 

75 and the chamber walls are maintained at ground. 
Glass sheets are continuously fed through the 
vacuum chamber at about 345 inches per minute. 
A coating 156 comprising about 5% by weight of 
titanium nitride and the balance being substantially 

20 all silicon nitride and having a thickness of about 
100A is applied to float glass substrate 126. 

Simultaneously, a coating having the same 
constituent proportions coats anodes 124a and 
124b and chamber walls 144. This coating is suffi- 

25 ciently electrically conductive that anode recondi- 
tioning is not required to maintain process efficien- 
cies and coating uniformity before the cathode 
target needs to be replaced. 

Coating 156 retains the characteristics desired 

30 of the silicon nitride layer and the overall layer 
system on the glass despite the presence of 
titanium nitride. Such characteristics, depending on 
the ultimate layer system produced may include 
the achievement of certain levels of solar manage- 

35 ment properties, heat treatability, mechanical dura- 
bility and chemical resistance. Once given the 
above disclosure, many other modifications, fea- 
tures or improvements will become apparent to the 
skilled artisan. Such other features, modifications 

40 and improvements are thus considered a part of 
this invention, the scope of which is to be deter- 
mined by the following claims. 

Claims 

45 

1. A cathode target for producing a coating hav- 
ing preselected characteristics on a substrate 
by the sputter-coating process in a vacuum 
chamber which also includes an anode therein 
50 to which the coating is also applied during the 

sputter-coating process, the cathode target 
comprising: 

a coating component which by itself or its 
reactive product is substantially electrically 
55 nonconductive; and 

a dopant component which by itself or its 
reactive product is substantially electrically 
conductive, said dopant component being 
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present in an amount such that any layer of 
said coating formed on sard anode will include 
said coating component and a sufficient 
amount of said dopant component to render 
said coating substantially electrically conduc- 
tive; said coating so formed on said substrate 
having its preselected characteristics. 

2. The cathode target of claim 1 wherein said 
dopant component is in an amount less than 
the amount of said coating component. 

3. The cathode target of claim 2 wherein said 
target includes about 0.1% - 20% by weight of 
said dopant component, the remainder being 
substantially all coating component. 

4. The cathode target of claim 3 wherein said 
target consists essentially of by weight about 
95% coating component and about 5% by 
weight dopant component. 

5. The cathode target of claim 4 wherein said 
coating component is selected from the group 
consisting of silicon, aluminum, boron, bis- 
muth, germanium, vanadium, tin, zinc, titanium, 
zirconium, chromium and tungsten. 

6. The cathode target of claim 5 wherein said 
dopant component is selected from the group 
consisting of silver, gold, platinum and mix- 
tures thereof. 

7. The cathode target of claim 5 wherein said 
dopant component is a highly oxidation resis- 
tant metal. 

8. The cathode target of claim 7 wherein said 
dopant component is selected from the group 
consisting of nickei, palladium and mixtures 
thereof. 

9. The cathode target of claim 5 wherein said 
dopant component is one whose oxides are 
substantially electrically conductive. 

10. The cathode target of claim 9 wherein said 
dopant component is selected from the group 
consisting of indium, tin and mixtures thereof. 

11. The cathode target of claim 5 wherein said 
dopant component is one whose nitrides are 
substantially electrically conductive. 

12. The cathode target of claim 11 wherein said 
dopant component is selected, from the group 
consisting of chromium, hafnium, titanium, zir- 
conium and mixtures thereof. 



13. The cathode target of claim 1, wherein said 
coating and dopant components are combined 
in a uniform mixture. 

s 14. The cathode target of claim 1 wherein said 
coating and dopant components are separate, 
contiguously attached elements of said target. 

15. The cathode target of claim 14 wherein said 
w dopant component and said coating compo- 
nent of said target are so located with respect 
to each other, said anode and said substrate to 
be coated so as to minimize the amount of 
dopant component sputtered onto said sub- 

75 strate and maximize the amount of said dopant 

component sputtered onto said anode while 
maximizing the amount of said coating compo- 
nent sputtered onto said substrate while mini- 
mizing the amount of said coating component 

20 sputtered onto said anode. 

16. A method for producing a coating having 
preselected characteristics on a substrate by 
the sputter-coating process in a vacuum cham- 

25 ber which includes at least one cathode target 

and an anode which is coated during said 
process, the steps comprising: 

providing a cathode target which includes 
a coating component which itself or its reactive 

30 product is substantially electrically nonconduc- 

tive and a dopant component which itself or its 
reactive product is substantially electrically 
conductive and wherein the dopant component 
is in an amount such that any coating formed 

35 on the anode wilt include a sufficient amount of 

said dopant component to render said coating 
substantially electrically conductive; and 

applying an electric potential to the cath- 
ode target thereby causing molecules of the 

40 coating and dopant components to be dislod- 

ged from the cathode target and deposited on 
said substrate and said anode as a single 
layer, whereby said anode remains conductive 
for a substantial length of time and said coat- 

45 ing on said substrate has its preselected char- 

acteristics. 

17. The method for producing a coating of claim 
16 further comprising the step of: 

so providing a source of a reactive gas there- 

by producing a coating which is the reactive 
product of the coating and dopant compo- 
nents. 

55 18. A method according to claim 16 wherein said 
target includes about 0.1% - 20% by weight of 
said dopant component, the remainder being 
substantially all coating component. 
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19. A method according to claim 18 wherein said 
target consists essentially by weight of about 
95% coating component and about 5% by 
weight dopant component. 

5 

20. A method according to claim 18 wherein sard 
coating component is silicon and said dopant 
component is titanium. 

21. A method according to claim 20 wherein said io 
dopant and coating component are in the form 

of a substantially homogeneous mixture there- 
of. 

75 
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